Introduction The overall aim of this study is to compare daytime driving with night-time driving looking at line crossings during self-reported sleepiness and long blinks. The hypothesis is that high levels of self-reported sleepiness (KSS 9) and long blink duration (>0.15 s) will be less associated with critical events during the day-time compared to night-time. Method The study is based on data from a driving simulator experiment with 16 participants driving 150 km on a typical Swedish motorway scenario twice: once during daytime and once during night time. In total data from 6 segments of 4 km each equally distributed along the drive was averaged and included in the analysis. A Mixed Model Anova was used to test the effects on KSS, Blink Duration and Line Crossings with factors for Session (Day/Night) and Road segment (1-6), and participant as random. In addition, a logistic regression was used to identify when there is a risk for line crossings. Finally, the proportion of line crossings in relation to high KSS values and long blink durations was tested with Fisher's exact test. Results The results show no differences in the percentage of Line Crossings to the left during high levels of Karolinska Sleepiness Scale during daytime (33%) compare to night-time (40%). However, there was a significant difference between day and night time line crossings while the driver had long duration blinks (4% during daytime and 35% during night-time). Despite these results the most promising predictor of line crossings in each segment of 4 km/h was KSS with an Odds Ratio of 5.4 with a reference value at Karolinska Sleepiness Scale level 5. Conclusion In conclusion, the results do not support the hypothesis that high levels of KSS will result in more frequent line crossings at night time compared to day time. However, the result supports the hypothesis that long blink durations are associated with more line crossings when they appear during night time than during daytime.
Introduction
Driver sleepiness is a contributing factor in many road crashes [1, 2] . In particular an increased risk has been reported when driving during the night or early morning hours [2] [3] [4] , for young [5, 6] and for professional [7] [8] [9] drivers, shift workers driving home after a night shift [10, 11] , and for people with untreated sleep disorders [7] [8] [9] 12] . In general, driving when sleepy impairs driving performance causing deteriorated lateral (for example keeping the position in the lane) and longitudinal control (for example keeping the speed in a stable state) of the vehicle. With increased levels of sleepiness, these deteriorations become more and more severe and will eventually lead to line crossings and crashes [13] .
The terms sleepiness and fatigue are often used synonymously even though the causal factors contributing to the state may differ [14] . The main determinants of sleepiness are the time of day (circadian rhythm) and the duration of previous periods of being awake and asleep (homeostatic regulation) [15, 16] . Fatigue on the other hand may also be due to other factors such as monotony, task demand and task duration [17] and may arise in the absence of sleep-related causes. Sleepiness and fatigue are intertwined and it is difficult to isolate one from the other.
A common approach when studying driver sleepiness is to use sleep deprived drivers [18] [19] [20] . Usually, the drivers are in an alert condition during daytime and in a sleep deprived condition during night-time. One consequence of such a study design is that there is a confounding effect between the sleeprelated factor day versus night (circadian effect) and between the factor alert versus sleep deprived (homeostatic effect) [21] . In addition, there is also an effect of fatigue-related factors such as time on task and boredom. The consequences of driving under this mixture of causal factors are heavily understudied in the research literature. For example, is a driver more likely crash during the night-time compared to daytime, when the sleepiness level being experienced is the same in the two conditions?
The overall aim of this study is to compare day-time driving with night-time driving looking at line crossings during self-reported sleepiness and long blinks The hypothesis is that high self-reported sleepiness (KSS 9) and long blink duration (>0.15 s) will be less associated with critical events during the daytime compared to night time.
Method

Participants and procedure
A total of 16 participants (8 men) aged 30-60 years old were recruited from the Swedish National Register of vehicle owners. The subjects were compensated 3000 SEK for their participation. Approximately two weeks before the experiment started the participants received detailed information about the coming experiment together with sleep and wake diaries that were to be filled in the three nights and two days immediately prior to the experimental day. They also received background questionnaires. In addition, the scale to use for reporting self-reported sleepiness (KSS) was sent home together with an instruction of how to train before the arrival.
The study was ethically approved by the regional ethical committee in Linköping, registration number 2010/153-3.
Platform
An advanced moving base driving simulator with a cabin of a Saab 9-3, 120 degrees forward field of view and an automatic gearbox was used to simulate driving on a motorway, see Fig. 1 .
Scenario and design
A Swedish motorway with a normal speed limit of 110 km/h was used as a test route. The route was a replicate of the E4 between Linköping and Jönköping, driving on the right side. In the beginning of the drive there were three overtaking events where the test driver was supposed to overtake slow vehicles. This was to increase the realism, in addition every 7 min a car overtook the test driver. Half-way through the test route, the posted speed limit was changed to 90 km/h for 1 km, because there was a similar change of speed on the real road simulated. The total length of the simulator test route was about 150 km and it took approximately 75-80 min to drive. The subjects were instructed to drive as they would do in Breal life^. They were not allowed to speak, listen to the radio or do anything else that would counteract their sleepiness. The first part of the driving was used for familiarization with the simulator.
Each participant completed two driving sessions on the test occasion for practical reasons: the first was an alert condition and the second was a sleepy condition, see Table 1 . The first started to drive at 15:30 (day) and at 00:15 (night), while the second started to drive at 17:45 and 02:45. The participants arrived by them self and were sent home in the end of the night by taxi.
Measures and data structure
In order to control for the effect of time on task but avoid confounding results during overtaking, passing situations and change in speed limits, fixed road segments along the road way were selected for the analysis, see Table 2 . Road segment is used as a factor for time on task.
The sampling frequency of simulator data was 10 Hz for all signals.
The measures speed, lateral position, steering behaviour, and brake were stored. In this study we only use lateral position to calculate when the driver hit the line on the left side, with wheels on the right side of the car. Based on this the average number of line crossings per segment (4 km road driven) was calculated. Line crossings is a measure that is as close as we can come to critical situations and commonly used [22, 23] . The reason left crossing were selected was based on the fact that the majority of departures were to the left. During each driving session the subjects self-reported their sleepiness level on the 9-grade Karolinska Sleepiness Scale (KSS) every five minutes [24] . The KSS scale has been proven to be a sensitive indicator and is well validated [25] .
A Vitaport system (TEMEC Instrument B.V., The Netherlands) was used to record EEG (three channels), EMG (on the jaw) and ECG (lead II) with a sampling frequency of 256 Hz during the driving sessions. EOG (two vertical and one horizontal channel) was sampled with a frequency of 512 Hz. In this study we only use the EOG based Blink Duration, a commonly used measure of sleepiness [26] . Blink duration was extracted from one of the vertical EOG channels by using an automatic blink detection algorithm [27] . The algorithm low-pass filters the EOG data, calculates the derivative, and searches for sequences where the derived signal exceeds a threshold and falls below another threshold within a short time period. If the amplitude of the original, low-pass filtered EOG signal in such a sequence exceeds a subject specific threshold, the sequence is assumed to be a blink. To reduce problems with concurrence of eye movements and blinks, blink duration was calculated at half the amplitude of the.
Statistical analysis
The analysis is based on averaged data of the 4 km road driven for each of the 6 segments. Mixed model ANOVAs (alpha = 0.05) was used to test the effects on KSS, Blink Duration and line crossings with factors for Session (Day/ Night) and Road Segment (1-6). The model included interactions and Participant was used as a random factor.
The proportion of line crossings during the daytime and night-time while at KSS 9 was calculated. KSS 9 correspond to Bvery sleepy, great effort to keep alert fighting sleep^and has been proven to be correlated to performance impariments in different settings [25] .
In addition, a variable grouping 0 = average blink duration less than 0.15 s and 1 = average blink duration longer than 0.15 s was used to compare the proportion of line crossings in relation to long blink durations. Fisher's exact test was used to test the probability that the proportions of two groups would vary between different categories. Furthermore, a logistic regression, entering all variables at the same time, was used to analyse the risk of line crossing to the left at different levels of KSS, blink durations, during different times of the day and at different segments. Observations with at least one line crossing within a road segment were coded as Bones^and observations without line crossings were coded as Bzero^. To avoid unbalance in self-reported sleepiness, KSS 1-5 were put into one group and KSS 6, KSS 7, KSS 8 finally KSS 9 were considered individually. Putting KSS 1-5 into one group is motivated by the fact that these ratings are basically various degrees of alert, whereas KSS 6-9 corresponds to various levels of sleepiness.
Result
In total, there were 186 data points consisting of the total road segments observations for all participants (92 daytime and 94 night-time; referred to as observations). The difference between day and night is due to technical problems. In total, 26 observations (14%) contained at least one line crossing. In total, the drivers reported KSS 1-5 (alert) in 35 cases (18%), KSS 6 in 30 observations (16%), KSS 7 in 36 observations (19%), KSS 8 in 34 observations (18%) and KSS 9 in 51 observations (27%). There was a significant effect of time on task (road segment) F = 29.03 (5159) (p < 0.01), and of Session (day/night) F = 264,8 (1159) (p < 0.01) on KSS, see Fig. 2 . There was also a significant effect of time on task (road segment) F = 3.9 (5165) (p < 0.01), and of Session (day/night) F = 15.9 (1165) (p < 0.01) on Blink duration, see Fig. 3 .
There was a significant effect of time on task (road segment) F = 2.4 (5165) (p = 0.04), and of Session (day/night) F = 14.6 (1165) (p < 0.01) the average number of line crossings to the left, see Fig. 4 .
There were no significant interactions between factors for any of the variables. For KSS (Wald Z = 2.47;p = 0.01), Blink duration (Wald Z = 2.54 p = 0.01) and line crossings (Wald Z = 2.02 p = 0.04) there were significant differences between participants. In total, there were 51 observations with KSS 9, see Table 3 . For occurrences of KSS 9 during the day time 3 out of 9 (33%) resulted in line crossings, during night time 17 out of 42 (40%) resulted in line crossings. Fisher's test determining the probability that two groups proportions will end up in distinct categories was 0.28. With the reservation for few observations in one cell the Chi-square test showed no statistical difference (X 2 = 0.11). When it comes to blink duration there were in total (regardless KSS level) 62 data points with long blink durations. In the day-time there were 25 data points with only 1 (4%) containing a line crossings. During the night time, there were 37 data points with long blink durations of which 13 (35%) resulted in line crossings, see Table 4 . Fishers' exact test was 0.003. The difference between the prevalence of line crossings in the day and night time during observations with long blinks was significant (X 2 = 134). The correlation between KSS and Blink duration was 0.44 and significant (p < 0.01). The correlation between KSS and blink duration indicates that most of the line crossings occurred during high levels of KSS in combination with long blink duration during day time and night time, see Fig. 5 .
The logistic regression analysis of the risk of line crossings to the left during day and night time shows that KSS was the only significant factor with an overall odds ratio (OR) of 5.4 for each KSS step increase using KSS 5 as reference, see Table 5 .
Discussion
Among observations with only KSS 9, 33% resulted in line crossings during daytime compared to 40% during the nighttime. According to Fisher's test, the likelihood is low that the number of line crossings at KSS = 9 differs between daytime and night-time. In contrast, when the blink duration exceeded In this case, the probability is high that there are more line crossings during night-time while having long blinks compared to daytime when blink duration is long. One explanation for the difference between the results for KSS and blink duration might be that the blink duration is more related to the biological process behind sleepiness while KSS is a subjective rating that reflects the general state of the driver [28] . Another reason that was suggested by Brown and colleagues already 50 years ago [29] is that normal driving is a task with a high degree of automation. Therefore, a sleepy driver may manage rather simple driving fairly well, despite the general functional capacity being clearly deteriorated. Thus, during simple and automated driving, as in this study, negative effects of sleepiness on driving performance will be difficult to observe by the drivers themselves and the difference in the objective sleepiness indicators at high level of self-reported sleepiness might be due to the drivers not understanding their own signs of sleepiness. The results received in this pilot study also support the statement that countermeasures for driver fatigue need to consider the reason behind [30] . . It is well known that humans are influenced by the time of the day. The Three Process Model has been shown to predict crashes with a high sensitivity [31] . Taking this into account there is need, to not only look at a specific indicator, but also consider that it might tell us different things about the criticality depending on the factor, time of the day. This multidimensional approach is also supported by the literature showing that fusion of indicators, in our case KSS, Blink duration and time of the day, provides a better detection of driver sleepiness [32, 33] .
KSS increased with time on task and blink duration was longer with time on task, this is in line with earlier research [34, 35] . Our results indicate that future development and improvements of driver support systems may use different criteria's or thresholds for activations of warnings day time compare to night time if the aim is to avoid critical situations.
When looking at the risk for line crossings with help of regression, the only significant predictor was KSS (OR 5.4). Further, there was no significant difference in the proportion of line crossings between day and night during high levels of KSS, suggesting that a driver experiencing high levels needs to be aware of their increased risk regardless of the time of day. The reason for that time of the day is not included in the final model, might be due to that day or night per se is not enough information to explain the line crossing. Our results indicate that future development and improvements of driver support systems might use different strategies to convince a driver to counteract depending on the time of the day with more efforts addressed to the driver during night time.
The current study suffers from several limitations. The most important is the confounding effect of alert drivers during daytime versus sleep deprived drivers during night-time. In addition there might be a risk that the drivers results differ depending on if they were the first or second driver during the day or night. Ideally, the study should have been balanced with regard to day-time versus night-time and with regard to alert versus sleep deprived. For example, there should have been alert drivers during night-time and sleep deprived drivers during daytime. An implication is that there were very few observations with high levels of sleepiness and line crossings during daytime. Another limitation is that a day-light scenario was used in the simulator for both the day and night condition. On one hand, this removes confounding effects of light versus dark, but on the other hand, light conditions are an important property that defines day and night. In addition, there were, as in most studies of sleepiness, big differences between individuals [36] .
Conclusion
In conclusion, the results do not support the hypothesis that high levels of KSS will result in more line crossings at night time compared to day time. However, the result supports the hypothesis that long blink durations are associated with more line crossings when they appear during night time than during daytime. In general time of the day was not a significant predictor of line crossings, only KSS was a significant predictor with an OR of 5.4.
